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Abstract Forensic science and its influence on policing and the criminal justice system
have increased since the beginning of the twentieth century. While the philosophies of the
forensic science pioneers remain the pillar of modern practice, rapid advances in tech-
nology and the underpinning sciences have seen an explosion in the number of disciplines
and tools. Consequently, the way in which we exploit and interpret the remnant of criminal
activity are adapting to this changing environment. In order to best exploit the trace, an
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interdisciplinary approach to both research and investigation is required. In this paper, nine
postdoctoral research fellows from a multidisciplinary team discuss their vision for the
future of forensic science at the crime scene, in the laboratory and beyond. This paper does
not pretend to be exhaustive of all fields of forensic science, but describes a portion of the
postdoctoral fellows’ interests and skills.
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1 Introduction
Established in 2002 as a multidisciplinary research cluster, the Centre for Forensic Science
(CFS) at the University of Technology Sydney (UTS) includes academics across science,
law and external associates who share the common vision that crime reduction, crime
solving and national security are key objectives for society. While CFS generated over 30
Ph.D. graduates in forensic science since 2002, the emergence of a critical mass of post-
doctoral researchers within the Centre is a relatively new phenomenon. Being at the
forefront of both teaching and research, post-doctoral fellows represent an invaluable link
between Ph.D. students and more advanced researchers at a professorial level. The post-
doctoral research team encompasses researchers from various backgrounds with Ph.D.
degrees from institutions in Australia and around the world (i.e. Bond University, Flinders
University, Macquarie University, University of Canberra and UTS in Australia, Sa˜o Paulo
University in Brazil, University of Alberta in Canada, and University of Lausanne in
Switzerland). With a focus ranging from forensic science to analytical, physical, biological
and material science, this multidisciplinary team remains united by the common vision that
the trace (see Sect. 2) is the object of study of forensic science. This paper therefore
presents their view and perspective on the current state of forensic science.
2 The Object of Study of Forensic Science: the Trace
As defined by Margot (2011b, p. 91): ‘‘Forensic science is looking at the least likely,
fragmented, imperfect, uncontrolled element in an event: the trace. It is the remnant (the
memory) of the source and the activity that produced it. It has to be decoded and under-
stood to elicit some knowledge about the event. The study of its relation to other traces as
well as their environment provides many, and sometimes unsuspected, clues about the
event and is a rich source of hypotheses to be tested as well as providing knowledge about
reality.’’ According to this definition, the trace exists independently of the forensic process
and the technology. In forensic science, the first challenge—that will impact on the entire
process—is to recognise and detect the trace since the source or activity that produced it is
usually unknown and the event happened in the past (Morelato et al. 2014a). The cir-
cumstances surrounding the criminal activity help draw propositions about what sort of
trace may be found and where it may be found. The development of relevant hypotheses
might lead to the conscious and specific/selective application of technology to be able to
detect and localise the trace.
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It has been highlighted that forensic science is missing the ‘‘adequate research culture’’
(i.e. the culture of the trace) to address forensic science questions. The majority of research
currently conducted is related to the application of particular disciplines (Margot 2011a;
Mnookin et al. 2011). Forensic science seems to be composed of highly specialised sci-
entists in specific disciplines, on one side, and practitioners with little education and
training in science on the other side (Margot 2011a). As stated by Roux, Crispino and
Ribaux, this situation has resulted in compartmentalisation of the field, often referred to as
‘‘silos’’, dramatically limiting the impact of forensic science (Roux et al. 2012). This paper
presents the work that is conducted within the CFS and the philosophy behind it, as an
attempt to address the lack of research culture. Forensic science must become more col-
lective, and more importantly interdisciplinary, to address contemporary security and
criminological problems (Ribaux et al. 2015).
In this article, the CFS research is structured around the trace (in the field, in the
laboratory and beyond the traditional use). Through the simultaneous engagement and
integration of these three streams, a meaningful impact can be achieved in forensic science.
3 Traces in the Field
Crime scene examination is the critical step and probably the most difficult one in the
forensic science process (Ribaux et al. 2010b). As mentioned in Sect. 2, the recognition
and detection of traces determine the quality of information available for investigation,
court and intelligence processes. It requires drawing propositions about what type of traces
may be found and where they may be found. These propositions then lead to the conscious
application of one or several detection processes. Indeed, recent developments including
the use of spot tests, or fast response devices can guide the detection and localisation of the
trace (e.g. portable analytical instruments for explosives, drugs and DNA detection, or
scent-detection dogs for the detection of ignitable liquid residues, illicit drugs and/or
cadavers). Development in portable analytical instruments should be focused on the
information content that the forensic scientist wants to test rather than the type of object
(i.e. the test is applied consciously rather than at random). The use of portable instru-
mentation is thus conditioned by the environment and hypotheses, and helps test the
relevance of the initial hypotheses (e.g. if this conscious application leads to the detection,
then the question may arise about whether the scientist would have detected this trace if
other propositions had been made in the first place and vice versa).
The resulting information is preliminary and imperfect, but provides sound hypotheses
that may focus the attention and testing and help the investigation in a short timeframe.
Furthermore, if used adequately, it has the potential to provide timely knowledge about
criminal activity that could be used in an intelligence perspective.
3.1 Portable Analytical Instrumentation
The use of field-based testing allows a triage of specimens to be analysed in the laboratory.
As a consequence, gaining more knowledge about their possibilities and limitations would
allow a better understanding of the information that could be gained directly at the scene
(Ribaux et al. 2010a). The evolution of electronic devices, computers, software and
microfabrication technologies experienced in the past 20 years has had a profound impact
on analytical instrumentation. Field-portable analytical instruments are built to operate to
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localise the trace based on the hypotheses made, providing rapid on-site information for
fast decision making (Overton et al. 1996). In essence, the instrument is taken to the
specimen rather than taking the specimen to the instrument. Historically, there have been
problems associated with obtaining high quality data from portable instruments. That issue
is understandable considering the complexity involved in building these machines, along
with complex and minute calibrations. Even with limitations, the portable instrument
market is growing and consequently the development of instrument capabilities is growing
at a faster rate. Portable instruments for forensic field analysis are not normally operated by
analytical chemistry specialists, but by security forces and personal with limited technical
understanding. Therefore, the instruments used in the field need to provide reliable data. In
the future, those instruments should ideally provide the same capabilities found in labo-
ratory instruments such as high resolution, selectivity and sensitivity combined with small
size, low power consumption, ease of use, high throughput, and low cost.
The terminology used to define mobile or portable instruments varies throughout the
literature and definitions are somewhat arbitrary; however, these instruments can be
divided into four main types: (1) transportable instrumentation—instruments that are not
designed to be frequently moved off location but that can be transported, aligned, cali-
brated and used; (2) mobile instrumentation—instruments that were designed for mobile
use but that are not necessarily portable; (3) portable instrumentation—instruments that
can be carried and brought on site by a single person; and (4) handheld instrumentation—
instruments the user can physically hold during the analysis (Vandenabeele et al. 2014).
There are hundreds of portable instruments used for forensic analysis. Some of them are
commercially available products while others are advanced laboratory prototypes. For
example, there are several portable and handheld instruments based on imaging techniques,
such as Raman spectroscopy (Chalmers et al. 2012; Vandenabeele et al. 2014), Fourier
transform infrared (FTIR) spectroscopy (Chalmers et al. 2012), X-ray fluorescence spec-
trometry (Kalnicky and Singhvi 2001), X-ray diffraction (Ruffella and Wiltshire 2004),
attenuated total reflectance FTIR spectroscopy (Woods et al. 2014) and energy dispersive
X-ray spectroscopy (Mendoza Cuevas et al. 2015).
Despite instrumental difficulties, chromatographic techniques have also become more
portable with the development of compact instrumentations, such as: gas chromatography
(Eckenrode 2001), capillary electrophoresis (Mai et al. 2013), ion chromatography (Elkin
2014) and liquid chromatography (Sharma et al. 2015). The majority of chromatographic
instruments today are coupled with mass spectrometers for reliable specimen identification.
Portable ion-mobility spectrometers are commonly used in airports for the analysis of
narcotics and explosives (Guo et al. 1997). There are also hundreds of portable electro-
chemical analysers (based on potentiometry, voltammetry and conductimetry) commer-
cially available and many more being developed. These devices are increasingly being
squeezed into smaller and smaller sizes as the manufacturing of electronic devices
improves (McMahon 2007).
During the last few years within the CFS, portable instruments and sensors have been
built and applied for the analysis of various forensic specimens. Using a portable capillary
electrophoresis (CE) device with a portable contactless conductivity detector, several
amphetamine-related substances have been separated without the necessity of any
derivatisation procedure (Epple et al. 2010). Furthermore, a variety of drugs found in
‘‘ecstasy-like’’ tablets containing amphetamines (Lloyd et al. 2011, 2013) and cathinones
(Lloyd et al. 2014) were analysed using a miniaturised version of CE instruments, known
as a lab on a chip (LOC) device. Development of microfluidic paper-based analytical
devices (lPADs) has also been conducted. These devices provide great advantages over
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other microfluidic devices including low cost, easy storage and disposal, and no require-
ment for pumps. Figure 1 shows the schematic diagram of an electronic instrument
designed to detect explosives using a lPAD containing pyrene as the active reagent
(Taudte et al. 2013).
In 2014, research into the use of a low cost swabbing lPAD was conducted. It permits
the direct colorimetric detection of three trinitro aromatic explosives followed by confir-
matory identification of the collected explosives using a LOC device (Pesenti et al. 2014).
Although all portable analytical instruments today still have limited capabilities, the
next generations are expected to shrink in size and weight and improve in performance.
Additionally, the fast response times and generally lower costs of these instruments are
expected to further increase the market demand. The end user is the link that connects
innovations to products. If more users request more fit-for-purpose portable instrumenta-
tions, the industry will invest to produce better instruments. It should be noted however
that despite the mentioned expected improvements, laboratory based instruments generally
still need to be applied for confirmatory purposes.
3.2 Cadaver-Detection Dogs and Decomposition Odour Profiling
Scent-detection dogs represent an invaluable complementary search tool that have been
used at crime scenes long before the previously described portable instrumentation. These
dogs are used to detect a variety of different types of traces such as illicit drugs, explosives
and accelerants, but they are also commonly employed by law enforcement agencies to
locate human remains in cases of missing persons, suspected homicides and following
mass disasters. The ability of cadaver-detection dogs to locate human remains relies
heavily on their recognition of decomposition odour which requires effective and reliable
Fig. 1 Illustration of the portable explosive detector prototype. Source: Taudte et al. (2013)
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training aids. Cadaver-detection dogs may be trained using various materials ranging from
natural scent sources (e.g. flesh, blood, bone, decomposition fluid or soil, etc.) to synthetic
materials (e.g. putrescine, cadaverine or other commercially available PseudoTM Scents).
Natural scent sources are often difficult to obtain and store, and also present biohazard
risks. Commercially-available synthetic scents, on the other hand, often have an overly
simplistic chemical composition that is inconsistent with decomposition odour (Stadler
et al. 2012; Tipple et al. 2014). Consequently, natural scent sources are typically consid-
ered to be the most effective training aids. In order to develop better training aids for the
dogs, chemical odour profiling and canine trials together are necessary for correlating
canine response to the chemical composition of training aids (Fig. 2). Ongoing research
within the CFS at UTS focuses on studying the chemical odour profiles and corresponding
canine responses to a variety of natural training aids including blood, fluid and textiles
associated with decomposing remains.
The decomposition of human remains, a special type of trace, is typically associated
with a strong odour comprised of a diverse collection of volatile organic compounds
(VOCs). Chemically profiling the VOCs produced by decomposing remains is essential for
a variety of applications including locating human remains using cadaver-detection dogs,
estimating the post-mortem interval based on entomological succession patterns, and the
development of handheld detection devices for search and recovery procedures. Never-
theless, decomposition VOC profiling presents an analytical challenge. The odour pro-
duced by decomposing remains is a complex mixture composed of hundreds of compounds
that exist in a wide range of concentrations and belong to a variety of different compound
Fig. 2 Graphical representation of decomposition odour project design combining chemical odour profiling
and canine responses
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classes (e.g. sulphur- and nitrogen-containing compounds, aromatics, esters, alcohols,
ketones, aldehydes, carboxylic acids and hydrocarbons). The decomposition process is also
dynamic in nature, and as a result the VOC profile varies based on the stage of decom-
position. Finally, decomposition odour profiling is often performed in a non-targeted
manner whereby all compounds need to be detected. A consensus on the core decompo-
sition VOCs is still being developed within the literature, which makes developing a list of
decomposition-specific VOC biomarkers challenging. Variations in the decomposition
VOC profiles reported in the literature may result from differences in specimen collection
techniques (e.g. solid phase microextraction vs. sorbent tubes), analytical instrumentation
(e.g. one-dimensional vs. two-dimensional gas chromatography), environmental factors
(e.g. weather and seasonal variation), collection matrix (e.g. headspace vs. soil), location of
the remains (e.g. aboveground vs. belowground), and so on.
In order to characterise the overall decomposition odour profile and directly compare
variation-inducing factors such as those described above, researchers at UTS have
methodically combined field trial scenarios with laboratory analysis. To do this, several
field studies have been conducted using decomposing pig remains in conjunction with
the use of advanced analytical instrumentation in the form of comprehensive two-
dimensional gas chromatography—time-of-flight mass spectrometry (GC9GC–TOFMS)
(Forbes et al. 2014; Perrault et al. 2015a, b, c; Stefanuto et al. 2014, 2015a, b).
Decomposition VOCs are collected in the field as air samples, which are then brought
back to the laboratory for analysis by GC9GC–TOFMS. This instrument provides
many benefits over traditional one-dimensional gas chromatography–mass spectrometry
(GC–MS) as highlighted in Sect. 4.1 for the detection and identification of
ignitable liquid residues in fire debris. These benefits can also be applied to decom-
position VOC profiling (Agapiou et al. 2015; Brasseur et al. 2012; Dekeirsschieter et al.
2012; Focant et al. 2013; Forbes et al. 2014; Perrault et al. 2015a, b, c; Stadler et al.
2013; Stefanuto et al. 2014, 2015a, b), allowing peak co-elutions, chromatographic
artefacts, and dynamic range to be more easily addressed and managed, resulting in a
more comprehensive odour profile. Employing GC9GC–TOFMS in field trial scenarios
that directly compare variation-inducing factors has provided valuable information in
recent studies (Forbes et al. 2014; Perrault et al. 2015b) and will be important going
forward as the field progresses towards a core list of decomposition VOCs.
Pig remains (Sus scrofa domesticus L.) are commonly used as human decomposition
analogues. This is due to the many anatomical and physiological similarities that exist
between pigs and humans such as their internal anatomy, fat distribution, lack of fur on the
skin, diet, gastrointestinal bacteria, etc. (Schoenly et al. 2006). At present, there has not
been extensive research investigating a direct comparison of the decomposition odour
profiles of pigs and humans. As a result, the use of pigs as human odour analogues is often
still disputed. Facilities such as the new Australian Facility for Taphonomic Experimental
Research (AFTER), which is set to open in Sydney, NSW, Australia in 2016, will allow
researchers to perform a direct comparison of decomposition VOCs collected simultane-
ously from both pig carcasses and human cadavers in the same environment. Comparison
studies between species, specifically in combination with GC9GC–TOFMS analysis, will
be a formidable asset for establishing accurate chemical profiles of decomposition odour
that can be used to better understand the olfaction processes that attract insects or produce
a canine alert to decomposing remains.
Forensic Science: Current State and Perspective by a Group…
123
4 Traces in the Laboratory
The previous section focuses on the detection and localisation of the trace and its relation
to the context and the environment. Following the detection and localisation, the question
of collection, preservation and further analyses in the laboratory arises.
Traces collected at a crime scene must be further decoded to understand their infor-
mation content and provide explanations about the criminal activity. As with decompo-
sition odour profiling presented above, the traces are transferred to the laboratory where in-
depth analysis can be conducted using more sensitive and specialised instruments. Tech-
nological advancements are important, and research into the development of new tech-
nologies that can detect a minute amount of substance within a complex matrix (e.g.
ignitable liquid residues in fire debris or drugs and metabolites in biological fluids), or new
and improved reagents that allow the detection of fingermarks on complex substrates is a
continual challenge. However, these further analyses should not be directed by the type of
objects, but by the type of information content the forensic scientist wants to test. Although
they are still hypotheses to be tested and they may be wrong, using multidisciplinary
technology randomly will, many times, unknowingly lead to misleading perspectives
because we do not know why we were making the tests in the first place.
4.1 Detection and Identification of Ignitable Liquid Residues in Fire Debris
Arson is the act of deliberately and maliciously setting fire with the intent to cause damage
(e.g. destruction of forensic evidence, property damage for the purpose of fraudulent
insurance claims, loss of life, etc.). In such cases, flammable liquids (e.g. gasoline, kero-
sene, etc.) are often used to assist in the ignition of a fire or to accelerate and/or direct the
fire. Arson is a relatively easy crime to commit because no special knowledge is required
and the necessary supplies are inexpensive and easily accessible to the general public.
Nevertheless, arson is a difficult crime to investigate and prosecute because much of the
physical trace is destroyed by the fire and/or firefighting efforts.
The detection and identification of ignitable liquid residues (ILRs) in fire debris is a
critical aspect of fire investigations. Gas chromatography–mass spectrometry (GC–MS) is
the most widely used analytical technique for the analysis of ILRs. Prior to analysis by
GC–MS, the ILRs must first be extracted from the fire debris, and often pre-concentrated.
The chromatographic and mass spectrometric data must be interpreted manually for the
detection and identification of an ILR. The American Society of Testing and Materials
(ASTM) has published several standardised practices for the extraction (ASTM E1386-15
2015; ASTM E1388-12 2012; ASTM E1412-16 2016; ASTM E1413-13 2013; ASTM
E2154-15a 2015; ASTM E2881-13 2013), analysis and interpretation (ASTM E1618-14
2014) of ILRs in fire debris; however, even with these standardised procedures, the
detection and identification of trace ILRs in fire debris still remains a challenge (Baerncopf
and Hutches 2014).
Petroleum-based ignitable liquids are complex chemical mixtures comprising hundreds
of compounds that will be consumed or otherwise weathered throughout the course of a fire
and during firefighting efforts, often leaving behind minute levels of the fuel (Sandercock
and Du Pasquier 2004; Zorzetti et al. 2011). If specimens are not collected or analysed
shortly after the fire, the ILRs may also undergo bacterial degradation (Kirkbride et al.
1992; Turner and Goodpaster 2009; Turner et al. 2015). These processes are unpre-
dictable and may result in the absence of target compounds that are necessary for pattern
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recognition and conclusive identification. This task is further confounded by the additional
variability that arises from the debris matrix, which often contains numerous background
volatiles and pyrolysis or combustion products that may further interfere with pattern
recognition due to incomplete chromatographic separation (Almirall and Furton 2004).
Consequently, lengthy manual examinations are required to interpret the data, which must
be verified by multiple analysts, creating an expensive bottleneck in arson debris analysis
(Sinkov et al. 2014).
As a result of these challenges, fire debris analysis could benefit greatly from advanced
analytical methods such as comprehensive two-dimensional gas chromatography
(GC9GC). GC9GC is particularly valuable for the separation of complex mixtures such as
petroleum-based liquids (Adahchour et al. 2006; Nizio et al. 2012; von Mu¨hlen et al.
2006). This technique provides increased peak capacity (i.e. improved resolution and
separation of matrix interferences) as well as enhanced sensitivity and peak detectability
(i.e. lower limits of detection for trace analysis). It also offers improved characterisation of
dynamic range and ordered chromatograms that produce distinct patterns of structurally-
related compounds (Beens et al. 2000; Koryta´r et al. 2002; Marriott et al. 2004). These
benefits have been demonstrated for the analysis of ILRs using GC9GC coupled to flame
ionisation detection (FID) (Frysinger and Gaines 2002). GC9GC–FID has also been used
to track spilled, weathered, and biodegraded petroleum pollution in the environment
(Nelson et al. 2006), as well as identify the source of an oil spill (Gaines et al. 1999, 2007);
thus, providing additional evidence for the suitability of GC9GC for the analysis of
petroleum-based liquids. With the increased use and awareness of GC9GC in related
fields, such as environmental forensic science (Frysinger et al. 2002), it is anticipated that
in the next 10–15 years GC9GC will likely begin to play a more important role in the
forensic analysis of fire debris. It is also expected that GC9GC coupled with time-of-flight
mass spectrometry (TOFMS) will provide a further improvement in sensitivity and be
beneficial for providing mass spectral identifications with automated deconvolution
capabilities. Current research at UTS is focused on using the benefits of GC9GC–TOFMS
for the characterisation of ILRs in fire debris, including burnt substrates and decomposed
remains (Fig. 3). The development of chemometric models for rapid, objective, and
automated identification of ILRs in arson debris samples could likewise prove valuable in
reducing the bottleneck associated with fire debris analysis (Sinkov et al. 2011, 2014).
4.2 Sports Drug Testing: Implications of Oxidising Adulterants
The sport field cannot generally be considered as a crime scene; however, doping becomes
a forensic-related issue when people artificially increase their performances by unlawful
means. Therefore, their bodies can be seen as crime scenes and the components detected
Fig. 3 Photographs depicting the preparation and collection of burnt substrates and decomposed remains
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within the biological specimens such as blood or urine can be seen as the remnants of an
activity.
For routine human sports drug testing, urine is the most frequently collected doping
control specimen. Manipulations of urine samples by urine substitution, urine dilution, and
urine adulteration with highly oxidative chemicals to escape detection in doping control
analysis have been reported several times in the past (Paul 2004; Thevis et al.
2007, 2008, 2012). Even though the World Anti-Doping Agency (WADA) has imposed
stringent regulations on the sample collection process, recent reports of suspected and
substantiated manipulation outline the complexity and diversity of tampering options
(Thevis et al. 2012). Recently, a method based on the introduction of protease granules into
the urethra to impede common urine drug test has been identified (Thevis et al. 2008).
These granules digest urinary protein and eliminate any kind of target analytes (e.g. EPO
and insulin) without affecting other urinary parameters that would have raised suspicion.
Incidences where doping control officials were involved in sample manipulation have also
been reported (Thevis et al. 2007). Access to unethical health professionals and other
advisors has greatly increased the sophistication of both doping and masking strategies.
Powerful oxidants such as nitrite, nitrate, chromate, hypochlorite, peroxides, permanganate
and iodate are commonly used chemicals for urine adulteration purposes (Luong and Fu
2014; Luong et al. 2012). Many commercial products containing these oxidants are readily
available over the internet. Examples include Stealth (containing peroxidase and peroxide),
Klear (potassium nitrite) or Whizzies (sodium nitrite) and Urine Luck (pyridinium
chlorochromate). These drug-masking chemicals have been popular among drug users who
want to ‘‘beat’’ workplace drug testing programs (Fu et al. 2014). Similarly they are
believed to be used by athletes across a range of sports for the same purposes. It is known
that urine adulteration with oxidising agents conceals the presence of the drugs and can
lead to formation of reaction products that are specific to the oxidising agent and drug
(Kuzhiumparambil and Fu 2013b; Luong and Fu 2014; Luong et al. 2012, 2014, 2015).
Steroid profiling is one of the most commonly adapted methodologies in doping control
laboratories for the detection of steroid abuse in sport drug testing (Mareck et al. 2008;
Thevis 2010). As evidenced by several studies, the steroid profile is naturally well balanced
and does not show much intra-individual variation especially with regard to the ratios of
endogenous steroids utilised for doping control purposes (Parr and Schanzer 2010). In
contrast, administration of endogenous or exogenous steroids impairs the sensitively bal-
anced system of steroid biosynthesis and alters one or more steroid profile parameters.
The CFS at UTS investigates the influence of various oxidising chemicals on the steroid
profile of human urine. The research also focuses on the identification of the oxidation
products formed from the reaction of oxidants with steroids. These oxidation products may
provide useful leads in developing new and unique markers for monitoring chemical
manipulation involving oxidising reagents during urine sample collection for doping
control purposes. We have reported that some popular oxidising adulterants can selectively
and significantly reduce the absolute concentrations of these endogenous steroids in human
urine and alter steroid profile ratios leading to potential false negative results (Kuzhi-
umparambil and Fu 2013b). Oxidants nitrite and permanganate were found to be selec-
tively reactive towards testosterone and epitestosterone in human male and female urine,
whereas hypochlorite, pyridinium chlorochromate (PCC) and hydrogen peroxide were
found to be significantly reactive towards androsterone and etiocholanolone (Kuzhi-
umparambil and Fu 2013a, b). Our attempts to identify the markers for oxidant adulteration
has resulted in the isolation and characterisation of 4b,5b dihydroxy testosterone and 4a,5a
dihydroxy testosterone from the reaction of testosterone with potassium permanganate,
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17b-hydroxy-5-oxo-3, seco-4-norandrostan-3-oate from the reaction of epitestosterone
with permanganate (Kuzhiumparambil et al. 2014; Fu et al. 2014). Assessing the potential
of isolated marker compounds to be directly incorporated into standard routine GC–MS
and/or liquid chromatography–mass spectrometry (LC–MS) drug testing methods as
additional target analytes is currently ongoing. This research will in effect widen the
sensitivity of drug screening programmes, and ultimately improve the analytical capability
of anti-doping laboratories to detect steroid abuse and/or chemical manipulation in sports.
4.3 Fingermark Detection
Before being used for comparison purposes, fingermarks must be rendered visible by
creating a contrast between the residue and the underlying substrate (Champod et al. 2004;
Stoilovic and Lennard 2012). This is challenging since fingermark deposit is a very
complex and highly variable matrix. Moreover, after its deposition, chemical and physical
changes, influenced by uncontrolled parameters occur. Despite an intensive academic
research effort, in the past 10 years no major realistic advances or new techniques have
been found that could perform better than the current available ones. Moreover, a general
lack of sensitivity has been noticed (Jaber et al. 2012). Therefore, and in order to favour a
multi-angle approach, the current research effort is subdivided into three main axes that
ultimately intertwine fundamental studies of the fingermark residue, optimisation of cur-
rent techniques and development of new ones.
To improve existing detection techniques and to allow for the development of new and
more sensitive approaches, it is crucial to first gain a better understanding of the fingermark
residue itself. Indeed, even if its chemical composition is reasonably well understood
(Girod et al. 2012; Ramotowski 2001), little research has been reported on the physical
aspects related to fingermarks deposition and interactions of the residue with the envi-
ronment and underlying substrates (Scruton et al. 1975; Thomas 1978).
With that in mind, a project is currently undertaken within the CFS offering a different
approach directed towards fundamental analysis of fingermarks. Visualisation and ana-
lytical techniques with no or limited detrimental effect have been identified to study and
monitor fingermark residue in situ and its modifications over time (Moret et al. 2015).
These optimised visualisation procedures (Fig. 4a) are currently being applied on various
non-porous specimens to study the impact of both the substrates and the environment on
the residue’s morphology and behaviour over time. First results suggest that the classical
Fig. 4 Representation of various fingermark: a Untreated mark on glass visualised under microscope,
b Comparison between two different cyanoacrylate techniques, luminescent (left half) and conventional
(right half), c Comparison between C-dots/VB12 aptamer conjugate reagent (left half) and conventional
cyanoacrylate (right half), d Various immunogenic detection techniques
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substrates classification (‘‘porous’’, ‘‘non-porous’’ and ‘‘semi-porous’’) is not entirely
accurate and needs to be more finely tuned. It could potentially lead to drastic modifica-
tions of the current practice and directly impact detection success rates for the better.
Defining ground knowledge and common underpinnings by studying the fingermark
itself as a starting point is crucial to provide a thorough exploration of the fundamentals at
the core of fingermark detection. Implementation of this knowledge in conjunction with
empirical research will lead to improved results when developing, optimising and applying
current operational detection methods. However, due to increased pressures in forensic
laboratories, there has been a reduction of industry-led research into the validation of
current operational techniques. Consequently our ongoing research includes the optimi-
sation of existing techniques by validating new commercial products and sequencing with
other methods.
In recent years, a number of companies have developed commercially available
reagents that aim to reduce processing time and increase effectiveness of the techniques.
One such area is the development of one-step luminescent cyanoacrylates (Fig. 4b). As
these products come onto the market, it is important that research is performed to deter-
mine their effectiveness by not only comparing them to conventional techniques but also
other equivalent products (Chadwick et al. 2014; Farrugia et al. 2014; Hahn and Ramo-
towski 2012; Prete et al. 2013). By focusing the research efforts into understanding the
effectiveness of these new techniques, information can be shared with practitioners to
assist them in determining what techniques can be easily adopted and incorporated into
their standard operating procedures.
In order to ensure most of the marks have been recovered, specimens are treated with a
number of different techniques in a sequence. This is of critical importance particularly for
porous substrates with a number of studies examining the optimal order of application
(Mangle et al. 2015; Marriott et al. 2014) to maximise the number and quality of finger-
marks developed. Understanding how reagents interact with the fingermark deposits and
other development techniques is of particular importance when proposing new reagents
(Braasch et al. 2013; de la Hunty et al. 2014, 2015). This research has highlighted the
importance of taking a holistic approach to incorporating new techniques into operational
sequences to ensure that the best outcome is reached for all interested parties. With an
increased sensitivity for DNA from trace amounts, research has been ongoing to determine
the effect that fingermark detection techniques have on subsequent DNA profiling tech-
niques (Bhoelai et al. 2011; Fox et al. 2014; Hoile et al. 2010; Laurin et al. 2015; Raymond
et al. 2004). By understanding the effect that fingermark detection techniques have on
different DNA extraction techniques and profiling kits, practitioners can ensure that the
integrity of the DNA is maintained and that the correct technique is applied to obtain an
ideal result.
Recent advancements in chemistry and technology have opened the opportunity to
introduce new techniques that could increase sensitivity and enable latent fingermark
visualisation on difficult substrates such as luminescent or textured surfaces. Current
research conducted within the CFS involves: (1) nanoparticles that are inherently lumi-
nescent and offer easy surface modification, and; (2) biomolecular reagents.
Nanoparticle based fingermark reagents often revolve around using nanoparticles with
inherent luminescent optical properties such as that of quantum dots (QDs) (Dilag et al.
2009, 2013; Menzel et al. 2000; Moret et al. 2013; Sametband et al. 2007). Often, however,
the fingermark reagent will provide visual contrast but does not demonstrate chemical
specificity. Ongoing research looks into the use of luminescent carbon based nanoparticles
(C-dots) surface-modified with aptamers that show affinity to latent fingermark secretions,
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with the aim of producing a luminescent biomolecular fingermark detection reagent
(Fig. 4c).
Next-generation techniques that exploit molecular recognition technologies to collect
chemical information—including nucleated cells for DNA profiling—could provide
increased evidential value when smudging, substrate properties or the distribution of skin
secretions result in poor ridge development. Although chemical imaging can acquire vast
amounts of information from one mark, long acquisition times and small instrument
chambers require that the location of the mark is known prior to analysis (Attard-Montalto
et al. 2014; Bright et al. 2013; van Dam 2014a, b).
Molecular biology approaches act as dual bulk detection and information-gathering
techniques for targets such as amino acids (Hofstetter et al. 1998; Spindler et al. 2011),
drug metabolites (Hazarika et al. 2008, 2009, 2010; Leggett et al. 2007) and proteins
(Drapel et al. 2009; van Dam et al. 2013, 2014a, b; Wood et al. 2012). Unlike most current
fingermark detection reagents and stains, the visualisation properties of biomolecular
reagents are tunable to the desired end-use (Fig. 4d).
Reagents that target endogenous secretions are required alongside donor profiling to
make ‘smart fingerprinting’ genuinely useful for forensic practitioners. Simultaneous
collection of the complete fingermark alongside activity information could be achieved by
exploiting the tunable visualisation characteristics of biomolecular reagents. Reagent
application also has to be simplified from the laborious traditional biological procedures to
improve workflow. Furthermore, biomolecular reagents appear to be more substantially
influenced by the substrate type than current development techniques. The reasons for this
are not yet understood and require further research.
In the future, the ideal fingermark detection technique should allow a 100 % detection
rate and should be easily applicable on every surface type. The need to select between
dozens of techniques according to various substrate properties would become superfluous.
Moreover, sequential application of several methods to detect more marks and increase the
contrast of those already detected will be unnecessary. Realistically, the efficiency of
fingermark detection techniques is currently nowhere close to that goal, and this goal may
never be completely achieved due to chemical and physical impossibilities.
Identification of flaws in the field constitutes a first step towards improvement, but lack
of sensitivity and selectivity cannot be simply overcome by advances in technology. That
is why this complex problem is approached from the three aforementioned angles of
fundamental studies, optimisation and novel reagents to maximise opportunities to tackle
these issues. Additionally, future techniques must be compatible with the needs of the end-
users. A tight collaboration with practitioners is crucial to ensure that their needs are met
and the techniques being investigated can be implemented.
5 Traces Beyond Their Traditional Use
Beyond the traditional court-focused approach, traces have the potential to provide
knowledge about individuals, criminal groups and criminal activities. Investigative
genetics aims at going above the bounds of traditional use of DNA by gaining externally
visible (phenotypic) information about a person and their biogeographic ancestry, while
forensic intelligence aims at disrupting and preventing criminal activity based on the
information-content of the gathered traces.
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5.1 Investigative Genetics
Human forensic DNA analysis is currently one of the fastest growing forensic fields and
has drastically changed since its birth some 30 years ago. The technology continues to
evolve rapidly, especially over the past few years. The forensic application of DNA
analysis began with restriction fragment length polymorphism (RFLP) pattern detection
that required micrograms of DNA template, but quickly progressed to PCR-based short
tandem repeat (STR) typing, which is capable of obtaining a full STR profile from just a
few diploid cells. During the last three decades, human identification (HID) genotyping has
been used in a tremendous number of forensic cases worldwide, providing crucial evidence
with unprecedented levels of sensitivity, specificity and statistical significance.This sci-
entific tool is however not free from imperfections. One of the limitations of its traditional
use is based on the requirement for a reference DNA profile for comparison purposes. Until
recently, in the absence of a reference profile and if there was no match generated with
other cases via DNA database search (not including the partial match by using familial
search approach), this powerful forensic tool was of little help in solving a particular
criminal case.
An attempt to overcome this constraint catalysed the rapid development of a relatively
novel discipline, and aimed at providing additional information when a reference profile is
unavailable. This forensic science field is often referred to as ‘‘forensic molecular biology’’
or ‘‘investigative genetics’’ (Gunn et al. 2014). In essence, rather than being a purely
applicable science as it used to be, forensic molecular biology has become an independent
field focusing on basic research in areas of potential forensic impact including: genetics of
pigmentation and craniofacial morphology, human migration history, DNA methylation
pattern and microRNAs markers in different biological tissues (Kayser and Schneider
2009). The knowledge gained is then subsequently implemented by adding novel instru-
ments into the forensic toolbox.
The most progressive field of investigative genetics, and the area of particular interest to
forensic scientists, is the genetic basis of externally visible traits (EVTs) and their sub-
sequent prediction. EVTs such as eye, skin and hair colour, freckling, hair pattern, bald-
ness, height and facial morphology may altogether provide valuable investigative leads,
especially in disaster victim identification (DVI) and missing person cases. The current
forensic DNA research at UTS focuses on various aspects of investigative genetics,
including prediction of human craniofacial appearance, pigmentation and ancestry, tissue
source identification via microRNA markers and biological age estimation using DNA
methylation levels.
Rapid progress in forensic molecular biology is a result of both strong demand for
novel, ‘more powerful’ forensic tools from crime investigation agencies coupled with
novel technical capabilities. One of the most notable technical innovations, which has
already revolutionised the area of genomic research and is now rapidly changing forensic
DNA profiling, is massively parallel sequencing (MPS). The use of MPS technology
enables the simultaneous genotyping of thousands of different genetic markers, including
autosomal, allosomal and mitochondrial single nucleotide polymorphisms (SNPs) and
insertion and deletion polymorphisms (INDELs) in addition to traditional STRs (Borsting
and Morling 2015; Phillips et al. 2014; Yang et al. 2014). As a result, forensic DNA
profiling is no longer limited to comparison with a reference profile; it is capable of
extracting additional valuable information from a DNA specimen, such as biogeographic
ancestry, phenotypic characteristics and perhaps behavioural traits, as illustrated in Fig. 5
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and reviewed elsewhere (Kayser 2015). In addition, human mRNA, microRNA and DNA
methylation profiling as well as microbial 16S RNA sequencing can be performed using
the same MPS platform (Sijen 2014), potentially providing even more comprehensive
information such as tissue source (Fleming and Harbison 2010; Park et al. 2014; Zubakov
et al. 2010a), time since the biological stain was deposited (Ackermann et al. 2010), the
age of a perpetrator (Yi et al. 2015; Zubakov et al. 2010b) and the objects a person was
interacting with (Fierer et al. 2010; Lax et al. 2015).
IlluminaTM and Thermo Fisher ScientificTM are currently the two main commercial
suppliers on the forensic MPS market, actively promoting their forensic-focused assays
(ForenSeqTM DNA Signature Prep Kit and HID/Ancestry-Ion AmpliSeqTM panels
respectively) coupled with next generation sequencing platforms (MiSeq FGxTM and
IonTorrentTM respectively) and dedicated software packages for data analysis and inter-
pretation. Notably, the estimated value of the global human identification market in 2013
was US $419.4 million and is expected to reach US $804.0 million in 2018, growing at a
compound annual growth rate of 13.9 % (MarketsandMarkets 2014). These figures clearly
demonstrate that high demand from forensic service providers meets high interest from
technology manufacturers, promoting adaptation of this technology into the operational
workflow.
Despite the optimism of the commercial suppliers, and of some disciples of MPS, the
technology is not yet ready for implementation into forensic casework. Besides the
requirement for extensive validation of novel assays and technology to meet the high
standards of forensic DNA analysis, some additional pitfalls need to be resolved. The first
Fig. 5 From DNA analysis to phenotype prediction. Graphical illustration of the prospective forensic
workflow using emerging massively parallel sequencing (MPS) technology
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and most evident is the cost per sample of sequencing versus traditional CE. At present, the
cost is approximately five times higher for the former, not including the cost of the
sequencing platform, training of staff, bioinformatic support and additional capacity to
store the generated data. An additional drawback is the amount of data generated from each
sequencing run, which is significantly higher compared with traditional GenotyperTM or
GeneMapperTM software generated raw data (approximately 5 Gb to 15 Gb with MiSeq
FGx and between 100 Mb and 2 Gb with Ion Torrent compared to only tens of Kb with
CE). This ‘big data’ will necessitate a secure storage facility with very high capacity
(potentially hundreds of terabytes, with additional space required for a backup). Unless
resolved, the total cost of analysing and storing sequence data may soon exceed the cost of
obtaining the raw data from sequencing machines. Alternatively, storage of only the final
file format such as ‘variant caller format’ (vcf), which allocates similar memory space to
CE-generated data, may be considered. However, scientists might then be challenged in
court for deliberately discarding important data. Regardless, the amount and complex
nature of MPS data analysis and interpretation will demand a new permanent position
within the forensic DNA laboratory—a bioinformatician to support this workflow. This
transformation, on one hand combined with irreversible automation of most forensic DNA
typing steps, and potential field deployable systems on the other hand, may completely
reshape the role and skills of the forensic biologist in the near future. Furthermore, the use
of SNPs to predict the phenotypic traits, biogeographic ancestry or medical conditions of
an individual will produce new, and challenging, legal and ethical issues that will need to
be addressed (Kayser and Schneider 2009). This requires strong interdisciplinary collab-
oration between the legal, sociological, ethics and scientific communities to ensure that the
technology matures in a useful and responsible manner.
In order for MPS technology to become a bigger contributor to the forensic HID market,
it first needs to demonstrate significantly lower cost per sample processing. Additional
factors include the automation of the entire sample preparation procedure, such as the
development of efficient and cost-effective solutions for genomic library preparation and
barcoding (multiple samples pooling), reducing the sequencing error rate coupled with
high depth of coverage, straightforward data analysis and interpretation, followed by
efficient data storage solutions.
Notwithstanding these limitations, the superior MPS capacity to combine different
genetic markers provides clear advantage for forensic case work and intelligence purposes.
Notably, the problems listed above may postpone successful implementation of the MPS
technology in forensic casework analysis, until fully resolved. Nevertheless, as the number
of laboratories evaluating MPS technology expands exponentially, it seems that these
problems will be addressed promptly. As a result, gradual integration of additional genetic
markers and adaptation of the MPS platforms by forensic laboratories is just a matter of
time.
5.2 Forensic Intelligence
Forensic science has primarily been applied on a case-by-case basis as a reactive tool for
judicial proceedings. Recent studies have shown that the contribution of forensic science to
the criminal justice process is limited (Baskin and Sommers 2010; Brodeur 2005; Muc-
chielli 2006; Robertson 2012; Roux et al. 2014; White et al. 2011). It is thus paradoxical
that research and efforts are mainly focused on the presentation of evidence in court. A
significant opportunity exists to transform the contribution of forensic science through the
systematic use and integration of forensic case data to provide knowledge about criminal
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activities. This change should involve the use of forensic intelligence to combat, monitor
and prevent repetitive, transnational, pervasive and organised crimes. Different initiatives
and research, particularly in Europe, have been undertaken to use forensic case data in an
intelligence perspective (Baechler et al. 2013; Esseiva et al. 2007; Ribaux et al. 2010a, b).
The current situation restrains forensic scientists within their specialisation, reinforcing
the concept of centralised laboratories distant from and with no direct connections to police
organisations. A change of perspective is required in order to fully utilise the potential of
forensic science. This change is slowly happening. If the forensic community does not
realise that the trace is, after all, the object of study of forensic science (Margot 2014;
Ribaux 2014), the advancement will only be technical rather than theoretical. This
observation was already emphasised by Kirk in 1963 in the Ontogeny of Criminalistics
(Kirk 1963), but little has changed over the years. In the traditional evidential approach, the
forensic science process is centred on the relationships between information gathered from
cases and putative persons or objects (i.e. putative sources). In contrast, forensic intelli-
gence focuses essentially on the criminal activity. Forensic intelligence is an emerging
field of research at UTS. One of the first PhD projects on this topic was completed last year
and focused on the potential of illicit drug profiling in an intelligence perspective
(Morelato 2015). The study started with a specific focus on the use of 3,4-methylene-
dioxymethylamphetamine (MDMA) and methylamphetamine (MA) chemical profiles in an
intelligence-led perspective. Using Australian Federal Police (AFP) case data, it was
demonstrated that chemical profiling of illicit drugs can be used to go beyond simply
refuting or confirming a connection between cases (Morelato et al. 2014b). A forensic
intelligence framework was developed (Morelato et al. 2014a) and adapted to illicit drug
intelligence (Fig. 6). The process developed should be extended to other traces and further
general developments are underway at UTS and around the world to address international
challenges to ensure the progress of the discipline as well as its implementation in the
future. The project on illicit drugs is being extended to include other types of illicit
Fig. 6 The forensic intelligence framework applied to illicit drugs [based on Morelato et al. (2014a)]
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substances and their physical profiling. Common intelligence processes tend to move
towards a two-step approach: a rapid analysis for detection and a deeper analysis to
monitor specific problems or criminal activity (Morelato et al. 2014a).
It is also important to mention that there is a predominant view that large amounts of
data can be mined by new technologies to provide solutions to crime problems. It is
expected that computerised systems can extract relevant patterns in the criminal activity
and develop hypotheses. However, without the human capacity of reasoning using infer-
ence processes and fusion with existing knowledge coming from crime scene processing
(e.g. the observation of a particular modus operandi or the observation of uncommon traces
on different cases), this expectation seems unrealistic. Only a deep knowledge of the field
of interest allows meaningful results to be extracted from the available data (Grossrieder
et al. 2013). Although new technologies can lead to improved outcomes in individual
cases, they do not seem to have improved the use of forensic science as a whole (Ludwig
and Fraser 2013).
The scientific and systematic processing of traces as well as their proper fusion with
alternative information in a collaborative approach (Fig. 6) offers a unique opportunity to
understand criminal activities, in particular when they are repetitive, organised and prolific.
Criminals are usually involved in a variety of different crimes. In order to tackle organised
crime problems, the approach must include holistic responses that utilise networked law
enforcement partners and stakeholders from outside of the law enforcement community
(Coyne and Bell 2011). It is expected that forensic scientists have an important role to play
in the implementation of such frameworks.
6 Discussion and Concluding Comments
This article presented the various research conducted by the Early Career Researchers
within the CFS, including field testing (portable analytical instruments and scent-detection
dogs), laboratory testing (use of advanced instruments for ignitable liquid residues in fire
debris analysis, sports drug testing and fingermark detection) and finally the broader use of
traces to go beyond the traditional reactive approach of policing (investigative genetics and
forensic intelligence). Nevertheless, it is interesting to observe that despite a strong
forensic science research culture, silos still remain and the easy path, that is to focus on
technology-oriented research, is too often taken. Forensic research should not only con-
sider technical aspects, but also fundamental, theoretical, criminological, legal, ethical and
more broadly sociological and philosophical dimensions. Indeed, the most problematic part
of the analysis is not technical, but detection and understanding of the trace which is
imperfect and incomplete by nature (Margot 2011b). The outcomes of forensic research
should ultimately assist in answering questions related to security, policing and justice
(Roux et al. 2012). As a consequence, the creation of links between the different topics
should become one of the most important priorities since it will endeavour to break the
current ‘‘silos’’ that exist between the different forensic disciplines. The only way forensic
science will be able to timely understand the criminal activity is when the forensic com-
munity and the scientific community realise that the ‘‘silos’’ currently observed in most
police organisations and most universities prevent them from proactively deterring crime
activities. As a consequence, a paradigm shift is required (Roux et al. 2012, 2015). This
can only be achieved through interdisciplinarity using a common language—the language
of the trace—and strong collaborations with other universities in Australia and overseas,
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but also with government agencies and industry partners who are the front line stake-
holders to tackle the crime problem. Indeed the authors believe that a transdisciplinary
approach is ‘holistic’ as it brings together different disciplines but the boundaries are
transcended and knowledge and perspectives are all integrated (Choi 2006).
Acknowledgments The authors would like to thank the University of Technology Sydney (UTS) for the
Centre for Forensic Science Research Strength block funding, the Australian Federal Police (AFP) for
Forensic Science Sponsorship, the Bulgin Fund for Forensic Science research, RSC Publication for the use
of Fig. 1 and Professors Claude Roux, Shari Forbes, Peter Gunn and Shanlin Fu for their constructive
feedback on the manuscript. We also would like to thank the two anonymous reviewers for their insightful
comments that allowed us to improve the quality of the manuscript. Drs. Jessirie Dilag and Xanthe Spindler
thank the Australian Research Council (ARC), the UTS Chancellor’s postdoctoral fellowship, the AFP,
Victoria Police, partner and chief investigators for their ongoing support of ARC Linkage Project
LP130101019. Dr. Marie Morelato would like to gratefully thank the AFP and UTS Chancellor’s post-
doctoral fellowship. Dr. Lucas Blanes would like to thank the Defence Science and Technology Group
(DSTG) of the Department of Defence of Australia (Project MylP#6077). Dr. Se´bastien Moret would like to
thank the Swiss National Science Foundation (SNSF) for the grant provided to support his research (Early
Postdoc.Mobility grant no. P2LAP1_151777). Dr. Katie Nizio wishes to acknowledge the financial support
of Prof Shari Forbes’ ARC Future Fellowship (FT110100753) and ARC Linkage Infrastructure, Equipment
and Facilities Grant (LE150100015) including partner and chief investigators. Dr. Unnikrishnan Kuzhi-
umparambil would like to thank Anti-Doping Research Program (ADRP) of the Australian Government,
Department of Regional Australia, Local Government, Arts and Sport for the grant provided to support this
research (20-UTS-2011-12).
References
Ackermann, K., Ballantyne, K. N., & Kayser, M. (2010). Estimating trace deposition time with circadian
biomarkers: A prospective and versatile tool for crime scene reconstruction. International Journal of
Legal Medicine, 124(5), 387–395.
Adahchour, M., Beens, J., Vreuls, R., & Brinkman, U. (2006). Recent developments in comprehensive two-
dimensional gas chromatography (GC9GC) III. Applications for petrochemicals and organohalogens.
Trends in Analytical Chemistry, 25(7), 726–741.
Agapiou, A., Zorba, E., Mikedi, K., McGregor, L., Spiliopoulou, C., & Statheropoulos, M. (2015). Analysis
of volatile organic compounds released from the decay of surrogate human models simulating victims
of collapsed buildings by thermal desorption–comprehensive two-dimensional gas chromatography–
time of flight mass spectrometry. Analytica Chimica Acta, 883, 99–108.
Almirall, J. R., & Furton, K. G. (2004). Characterization of background and pyrolysis products that may
interfere with the forensic analysis of fire debris. Journal of Analytical and Applied Pyrolysis, 71(1),
51–67.
ASTM E1386-15. (2015). Standard practice for separation of ignitable liquid residues from fire debris
samples by solvent extraction. In Annual book of ASTM standards. West Conshohocken, PA: ASTM
International.
ASTM E1388-12. (2012). Standard practice for sampling of headspace vapors from fire debris samples. In
Annual book of ASTM standards. West Conshohocken, PA: ASTM International.
ASTM E1412-16. (2016). Standard practice for separation of ignitable liquid residues from fire debris
samples by passive headspace concentration with activated charcoal. In Annual book of ASTM stan-
dards. West Conshohocken, PA: ASTM International.
ASTM E1413-13. (2013). Standard practice for separation of ignitable liquid residues from fire debris
samples by dynamic headspace concentration. In Annual book of ASTM standards. West Con-
shohocken, PA: ASTM International.
ASTM E1618-14. (2014). Standard test method for ignitable liquid residues in extracts from fire debris
samples by gas chromatography-mass spectrometry. In Annual book of ASTM standards. West Con-
shohocken, PA: ASTM International.
ASTM E2154-15a. (2015). Standard practice for separation and concentration of ignitable liquid residues
from fire debris samples by passive headspace concentration with solid phase microextraction (SPME).
In Annual book of ASTM standards. West Conshohocken, PA: ASTM International.
Forensic Science: Current State and Perspective by a Group…
123
ASTM E2881-13. (2013). Standard test method for extraction and derivatization of vegetable oils and fats
from fire debris and liquid samples with analysis by gas chromatography-mass spectrometry. In Annual
book of ASTM standards. West Conshohocken, PA: ASTM International.
Attard-Montalto, N., Ojeda, J. J., Reynolds, A., Ismail, M., Bailey, M., Doodkorte, L., et al. (2014).
Determining the chronology of deposition of natural finger marks and inks on paper using secondary
ion mass spectrometry. Analyst, 139, 4641–4653.
Baechler, S., Terrasse, V., Pujol, J.-P., Fritz, T., Ribaux, O., & Margot, P. (2013). The systematic profiling of
false identity documents: Method validation and performance evaluation using seizures known to
originate from common and different source. Forensic Science International, 232(1–3), 180–190.
Baerncopf, J., & Hutches, K. (2014). A review of modern challenges in fire debris analysis. Forensic Science
International, 244, e12–e20.
Baskin, D., & Sommers, I. (2010). The influence of forensic evidence on the case outcomes of homicide
incidents. Journal of Criminal Justice, 38(6), 1141–1149.
Beens, J., Blomberg, J., & Schoenmakers, P. J. (2000). Proper tuning of comprehensive two-dimensional gas
chromatography (GC9GC) to optimize the separation of complex oil fractions. Journal of High
Resolution Chromatography, 23(3), 182–188.
Bhoelai, B., de Jong, B. J., de Puit, M., & Sijen, T. (2011). Effect of common fingerprint detection
techniques on subsequent STR profiling. Forensic Science International: Genetics Supplement Series,
3, e429–e430.
Borsting, C., & Morling, N. (2015). Next generation sequencing and its applications in forensic genetics.
Forensic Science International: Genetics Supplement Series, 18, 78–89.
Braasch, K., de la Hunty, M., Deppe, J., Spindler, X., Cantu, A. A., Maynard, P., et al. (2013). Nile red:
Alternative to physical developer for the detection of latent finger marks on wet porous surfaces?
Forensic Science International, 230(1–3), 74–80.
Brasseur, C., Dekeirsschieter, J., Schotsmans, E. M., de Koning, S., Wilson, A. S., Haubruge, E., et al.
(2012). Comprehensive two-dimensional gas chromatography-time-of-flight mass spectrometry for the
forensic study of cadaveric volatile organic compounds released in soil by buried decaying pig car-
casses. Journal of Chromatography A, 1255, 163–170.
Bright, N. J., Willson, T. R., Driscoll, D. J., Reddy, S. M., Webb, R. P., Bleay, S., et al. (2013). Chemical
changes exhibited by latent fingerprints after exposure to vacuum conditions. Forensic Science
International, 230, 81–86.
Brodeur, J.-P. (2005). L’enqueˆte criminelle. Criminologie, 38(2), 39–64.
Chadwick, S., Xiao, L., Maynard, P., Lennard, C., Spindler, X., & Roux, C. (2014). PolyCyano UV: An
investigation into a one-step luminescent cyanoacrylate fuming process. Australian Journal of
Forensic Sciences, 46(4), 471–484.
Chalmers, J. M., Edwards, H. G. M., & Hargreaves, M. D. (2012). Infrared and Raman spectroscopy in
forensic science. Hoboken: Wiley.
Champod, C., Lennard, C., Margot, P., & Stoilovic, M. (2004). Fingerprints and other ridge skin impres-
sions. Boca Raton, FL: CRC Press.
Choi, B. C. K. (2006). Multidisciplinarity, interdisciplinarity and transdisciplinarity in health research,
services, education and policy: 1. Definitions, objectives, and evidence of effectiveness. Clinical and
Investigative Medicine, 29(6), 351–364.
Coyne, J. W., & Bell, P. (2011). The role of strategic intelligence in anticipating transnational organised
crime: A literary review. International Journal of Law, Crime and Justice, 39(1), 60–78.
de la Hunty, M., Moret, S., Chadwick, S., Lennard, C., Spindler, X., & Roux, C. (2015). Understanding
physical developer (PD): Part I—Is PD targeting lipids? Forensic Science International, 257, 481–487.
de la Hunty, M., Spindler, X., Chadwick, S., Lennard, C., & Roux, C. (2014). Synthesis and application of
an aqueous nile red microemulsion for the development of finger marks on porous surfaces. Forensic
Science International, 244, e48–e55.
Dekeirsschieter, J., Stefanuto, P. H., Brasseur, C., Haubruge, E., & Focant, J. F. (2012). Enhanced char-
acterization of the smell of death by comprehensive two-dimensional gas chromatography–time-of-
flight mass spectrometry (GC9GC–TOFMS). PLoS One, 7(6), e39005.
Dilag, J., Kobus, H., & Ellis, A. V. (2009). Cadmium sulfide quantum dot/chitosan nanocomposites for
latent fingermark detection. Forensic Science International, 187, 97–102.
Dilag, J., Kobus, H., & Ellis, A. V. (2013). CdS/polymer nanocomposites synthesized via surface initiated
RAFT polymerization for the fluorescent detection of latent fingermarks. Forensic Science Interna-
tional, 228, 105–114.
Drapel, V., Be´cue, A., Champod, C., & Margot, P. (2009). Identification of promising antigenic components
in latent fingermark residues. Forensic Science International, 184, 47–53.
M. Morelato et al.
123
Eckenrode, B. A. (2001). Environmental and forensic applications of field-portable GC–MS: An overview.
Journal of the American Society for Mass Spectrometry, 12, 683–693.
Elkin, K. R. (2014). Portable, fully autonomous, ion chromatography system for on-site analyses. Journal of
Chromatography A, 1352, 38–45.
Epple, R., Blanes, L., Beavis, A., Roux, C., & Doble, P. (2010). Analysis of amphetamine type substances
by capillary zone electrophoresis using capacitively coupled contactless conductivity detection.
Electrophoresis, 31(15), 2608–2613.
Esseiva, P., Ioset, S., Anglada, F., Gaste´, L., Ribaux, O., Margot, P., et al. (2007). Forensic drug intelligence:
An important tool in law enforcement. Forensic Science International, 167(2–3), 247–254.
Farrugia, K. J., Deacon, P., & Fraser, J. (2014). Evaluation of LumicyanoTM cyanoacrylate fuming process
for the development of latent fingermarks on plastic carrier bags by means of a pseudo operational
comparative trial. Science & Justice, 54, 126–132.
Fierer, N., Lauber, C. L., Zhou, N., McDonald, D., Costello, E. K., & Knight, R. (2010). Forensic identi-
fication using skin bacterial communities. Proceedings of the National Academy of Sciences of the
United States of America, 107(14), 6477–6481.
Fleming, R. I., & Harbison, S. (2010). The development of a mRNA multiplex RT-PCR assay for the
definitive identification of body fluids. Forensic Science International: Genetics Supplement Series,
4(4), 244–256.
Focant, J.-F., Stefanuto, P. H., Brasseur, C., Dekeirsschieter, J., Haubruge, E., Schotsmans, E. M., et al.
(2013). Forensic cadaveric decomposition profiling by GC9GC–TOFMS analysis of VOCs. Chemical
Bulletin of Kazakh National University, 4, 177–186.
Forbes, S. L., Perrault, K. A., Stefanuto, P. H., Nizio, K. D., & Focant, J. F. (2014). Comparison of the
decomposition VOC profile during winter and summer in a moist, mid-latitude (Cfb) climate. PLoS
One, 9(11), e113681.
Fox, A., Gittos, M., Harbison, S. A., Fleming, R., & Wivell, R. (2014). Exploring the recovery and detection
of messenger RNA and DNA from enhanced fingermarks in blood. Science & Justice, 54(3), 192–198.
Frysinger, G. S., & Gaines, R. B. (2002). Forensic analysis of ignitable liquids in fire debris by compre-
hensive two-dimensional gas chromatography. Journal of Forensic Sciences, 47, 471–482.
Frysinger, G. S., Gaines, R. B., & Reddy, C. M. (2002). GC9GC—A new analytical tool for environmental
forensics. Environmental Forensics, 3(1), 27–34.
Fu, S., Luong, S., Pham, A., Charlton, N., & Kuzhiumparambil, U. (2014). Bioanalysis of urine samples
after manipulation by oxidizing chemicals: Technical considerations. Bioanalysis, 6(11), 1543–1561.
Gaines, R. B., Frysinger, G. S., Hendrick-Smith, M. S., & Stuart, J. D. (1999). Oil spill source identification
by comprehensive two-dimensional gas chromatography. Environmental Science and Technology,
33(12), 2106–2112.
Gaines, R. B., Frysinger, G. S., Reddy, C. M., & Nelson, R. K. (2007). Oil spill source identification by
comprehensive two-dimensional gas chromatography (GCxGC). In Z. Wang & S. A. Stout (Eds.), Oil
spill environmental forensics: Fingerprinting and source identification (pp. 169–206). Burlington,
MA: Academic Press.
Girod, A., Ramotowski, R., & Weyermann, C. (2012). Composition of fingermark residue: A qualitative and
quantitative review. Forensic Science International, 223, 10–24.
Grossrieder, L., Albertetti, F., Stoffel, K., & Ribaux, O. (2013). Des donne´es aux connaissances, un chemin
difficile: Re´flexion sur la place du data mining en analyse criminelle. Revue Internationale de
Criminologie et de Police Technique et Scientifique, LXVI(1), 99–116.
Gunn, P., Walsh, S., & Roux, C. (2014). The nucleic acid revolution continues—Will forensic biology
become forensic molecular biology? Frontiers in Genetics, 5, 44.
Guo, Y., Lu, M. Q., & Long, Y. T. (1997). Ion mobility spectra of selected amines and their application in
field testing with the use of a portable IMS device. Field Analytical Chemistry and Technology., 1(4),
195–211.
Hahn, W., & Ramotowski, R. (2012). Evaluation of a novel one-step fluorescent cyanoacrylate fuming
process for latent print visualization. Journal of Forensic Identification, 62(3), 279–298.
Hazarika, P., Jickells, S. M., & Russell, D. A. (2009). Rapid detection of drug metabolites in latent
fingermarks. Analyst, 134, 93–96.
Hazarika, P., Jickells, S. M., Wolff, K., & Russell, D. A. (2008). Imaging of latent fingerprints through the
detection of drugs and metabolites. Angewandte Chemie International Edition, 47, 10167–10170.
Hazarika, P., Jickells, S. M., Wolff, K., & Russell, D. A. (2010). Multiplexed detection of metabolites of
narcotic drugs from a single latent fingermark. Analytical Chemistry, 82, 9150–9154.
Hofstetter, O., Hofstetter, H., Schurig, V., Wilchek, M., & Green, B. S. (1998). Antibodies can recognize the
chiral center of free a-amino acids. Journal of the American Chemical Society, 120(13), 3251–3252.
Forensic Science: Current State and Perspective by a Group…
123
Hoile, R., Banos, C., Colella, M., Walsh, S. J., & Roux, C. (2010). Gamma irradiation as a biological
decontaminant and its effect on common fingermark detection techniques and DNA profiling. Journal
of Forensic Sciences, 55(1), 171–177.
Jaber, N., Lesniewski, A., Gabizon, H., Shenawi, S., Mandler, D., & Almog, J. (2012). Visualization of
latent fingermarks by nanotechnology: Reversed development on paper—A remedy to the variation in
sweat composition. Angewandte Chemie International Edition, 51(49), 12224–12227.
Kalnicky, D. J., & Singhvi, R. (2001). Field portable XRF analysis of environmental samples. Journal of
Hazardous Materials, 83, 93–122.
Kayser, M. (2015). Forensic DNA phenotyping: Predicting human appearance from crime scene material for
investigative purposes. Forensic Science International: Genetics Supplement Series, 18, 33–48.
Kayser, M., & Schneider, P. M. (2009). DNA-based prediction of human externally visible characteristics in
forensics: Motivations, scientific challenges, and ethical considerations. Forensic Science Interna-
tional: Genetics Supplement Series, 3, 154–161.
Kirk, P. L. (1963). The ontogeny of criminalistics. The Journal of Criminal Law, Criminology and Police
Science, 54, 235–238.
Kirkbride, K. P., Yap, S. M., Andrews, S., Pigou, P. E., Dinan, A. C., Peddie, F. L., et al. (1992). Microbial
degradation of petroleum hydrocarbons: Implications for arson residue analysis. Journal of Forensic
Sciences, 37, 1585–1599.
Koryta´r, P., Leonards, P. E. G., de Boer, J., & Brinkman, U. A. T. (2002). High-resolution separation of
polychlorinated biphenyls by comprehensive two-dimensional gas chromatography. Journal of
Chromatography A, 958(1–2), 203–218.
Kuzhiumparambil, U., & Fu, S. (2013a). Effect of hydrogen peroxide oxidizing systems on human urinary
steroid profiles. Analytical Methods, 5, 4402–4408.
Kuzhiumparambil, U., & Fu, S. (2013b). Effect of oxidising adulterants on human urinary steroid profiles.
Steroids, 78(2), 288–296.
Kuzhiumparambil, U., Watanabe, S., & Fu, S. (2014). Oxidation of testosterone by permanganate and its
implication in sports drug testing. New Journal of Chemistry, 39, 1597–1602.
Laurin, N., Ce´lestin, F., Clark, M., Wilkinson, D., Yamashita, B., & Fre´geau, C. (2015). New incompati-
bilities uncovered using the Promega DNA IQTM chemistry. Forensic Science International, 257,
134–141.
Lax, S., Hampton-Marcell, J. T., Gibbons, S. M., Colares, G. B., Smith, D., Eisen, J. A., et al. (2015).
Forensic analysis of the microbiome of phones and shoes. Microbiome, 3, 21.
Leggett, R., Lee-Smith, E. E., Jickells, S. M., & Russell, D. A. (2007). ‘‘Intelligent’’ fingerprinting:
Simultaneous identification of drug metabolites and individuals by using antibody-functionalized
nanoparticles. Angewandte Chemie International Edition, 46, 4100–4103.
Lloyd, A. E., Blanes, L., Beavis, A., Roux, C., & Doble, P. (2011). A rapid method for the in-field analysis
of amphetamines employing the Agilent Bioanalyzer. Analytical Methods, 3, 1535–1539.
Lloyd, A. E., Russell, M., Blanes, L., Doble, P., & Roux, C. (2013). Lab-on-a-chip screening of
methamphetamine and pseudoephedrine in samples from clandestine laboratories. Forensic Science
International, 228(1–3), 8–14.
Lloyd, A. E., Russell, M., Blanes, L., Somerville, R., Doble, P., & Roux, C. (2014). The application of
portable microchip electrophoresis for the screening and comparative analysis of synthetic cathinone
seizures. Forensic Science International, 242, 16–23.
Ludwig, A., & Fraser, J. (2013). Effective use of forensic science in volume crime investigations: Identi-
fying recurring themes in the literature. Science & Justice, 54(1), 81–88.
Luong, S., & Fu, S. (2014). Detection and identification of 2-nitro-morphine and 2-nitro-morphine-6-
glucuronide in nitrite adulterated urine specimens containing morphine and its glucuronides. Drug
Testing and Analysis, 6, 277–287.
Luong, S., Kuzhiumparambil, U., & Fu, S. (2015). Elucidation of markers for monitoring morphine and its
analogs in urine adulterated with pyridinium chlorochromate. Bioanalysis, 7, 2283–2295.
Luong, S., Shimmon, R., Hook, J., & Fu, S. (2012). 2-Nitro-6-monoacetylmorphine: potential marker for
monitoring the presence of 6-monoacetylmorphine in urine adulterated with potassium nitrite. Ana-
lytical and Bioanalytical Chemistry, 403, 2057–2063.
Luong, S., Ung, A. T., Kalman, J., & Fu, S. (2014). Transformation of codeine and codeine-6-glucuronide to
opioid analogues by urine adulteration with pyridinium chlorochromate: Potential issue for urine drug
testing. Rapid Communications in Mass Spectrometry, 28(14), 1609–1620.
Mai, T. D., Pham, T. T., Pham, H. V., Saiz, J., Ruiz, C. G., & Hauser, P. C. (2013). Portable capillary
electrophoresis instrument with automated injector and contactless conductivity detection. Analytical
Chemistry, 85(4), 2333–2339.
M. Morelato et al.
123
Mangle, M. F., Xu, X., & de Puit, M. (2015). Performance of 1,2-indanedione and the need for sequential
treatment of fingerprints. Science & Justice, 55(5), 343–346.
Mareck, U., Geyer, H., Opfermann, G., Thevis, M., & Schanzer, W. (2008). Factors influencing the steroid
profile in doping control analysis. Journal of Mass Spectrometry, 43(7), 877–891.
Margot, P. (2011a). Commentary on the need for a research culture in the forensic sciences. UCLA Law
Review, 58(3), 795–801.
Margot, P. (2011b). Forensic science on trial—What is the law of the land? Australian Journal of Forensic
Sciences, 43(2–3), 89–103.
Margot, P. (2014). Trac¸ologie: La trace, vecteur fondamental de la police scientifique. Revue Internationale
de Criminologie et de Police Technique et Scientifique, LXVI(1), 72–97.
MarketsandMarkets (2014). Marketsandmarkets. Human Identification Market by Technology (Next Gen-
eration Sequencing, Rapid DNA Analysis, Capillary Electrophoresis, PCR), Application (Forensics,
Paternity Testing), DNA Amplification, Quantification, Extraction, Services, & Software - Forecast to
2018 May 2014. http://www.marketsandmarkets.com/Market-Reports/human-identification-market-
100607777.html. Accessed 23 April 2015.
Marriott, C., Lee, R., Wilkes, Z., Comber, B., Spindler, X., Roux, C., et al. (2014). Evaluation of fingermark
detection sequences on paper substrates. Forensic Science International, 236, 30–37.
Marriott, P. J., Massil, T., & Hu¨gel, H. (2004). Molecular structure retention relationships in comprehensive
two-dimensional gas chromatography. Journal of Separation Science, 27(15–16), 1273–1284.
McMahon, G. (2007). Analytical instrumentation a guide to laboratory: Portable and miniaturized
instruments. Hoboken: Wiley.
Mendoza Cuevas, A., Bernardini, F., Gianoncelli, A., & Tuniza, C. (2015). Energy dispersive X-ray
diffraction and fluorescence portable system for cultural heritage applications. X-Ray Spectrometry, 44,
105–115.
Menzel, R. E., Takatsu, M., Murdock, R. H., Bouldin, K., & Cheng, K. H. (2000). Photoluminescent CdS/
Dendrimer nanocomposites for fingerprint detection. Journal of Forensic Sciences, 45(4), 770–773.
Mnookin, J. L., Cole, S. A., Dror, I. E., Fisher, B. A. J., Houck, M. M., Inman, K., et al. (2011). The need for
a research culture in the forensic sciences. UCLA Law Review, 58(3), 725–780.
Morelato, M. (2015). Forensic drug profiling: A tool for intelligence-led policing. University of Technology
Sydney, PhD Thesis.
Morelato, M., Baechler, S., Ribaux, O., Beavis, A., Tahtouh, M., Kirkbride, P., et al. (2014a). Forensic
intelligence framework—Part I: Induction of a transversal model by comparing illicit drugs and false
identity documents monitoring. Forensic Science International, 236, 181–190.
Morelato, M., Beavis, A., Tahtouh, M., Ribaux, O., Kirkbride, P., & Roux, C. (2014b). The use of organic
and inorganic impurities found in MDMA police seizures in a drug intelligence perspective. Science &
Justice, 54(1), 32–41.
Moret, S., Be´cue, A., & Champod, C. (2013). Cadmium-free quantum dots in aqueous solution: Potential for
fingermark detection, synthesis and an application to the detection of fingermarks in blood on non-
porous surfaces. Forensic Science International, 224(1–3), 101–110.
Moret, S., Spindler, X., Lennard, C., & Roux, C. (2015). Microscopic examination of fingermark residues:
Opportunities for fundamental studies. Forensic Science International, 255, 28–37.
Mucchielli, L. (2006). L’e´lucidation des homicides: De l’enchantement technologique a` l’analyse du travail
des enqueˆteurs de police judiciaire. De´viance et Socie´te´, 30(1), 91–119.
Nelson, R. K., Kile, B. M., Plata, D. L., Sylva, S. P., Xu, L., Reddy, C. M., et al. (2006). Tracking the
weathering of an oil spill with comprehensive two-dimensional gas chromatography. Environmental
Forensics, 7(1), 33–44.
Nizio, K. D., McGinitie, T. M., & Harynuk, J. J. (2012). Comprehensive multidimensional separations for
the analysis of petroleum. Journal of Chromatography A, 1255, 12–23.
Overton, E. B., Dharmasena, H. P., Ehrmann, U., & Carney, K. R. (1996). Trends and advances in
portable analytical instrumentation. Field Analytical Chemistry and Technology, 1(2), 87–92.
Park, J. L., Kwon, O. H., Kim, J. H., Yoo, H. S., Lee, H. C., Woo, K. M., et al. (2014). Identification of body
fluid-specific DNA methylation markers for use in forensic science. Forensic Science International:
Genetics Supplement Series, 13, 147–153.
Parr, M. K., & Schanzer, W. (2010). Detection of the misuse of steroids in doping control. The Journal of
Steroid Biochemistry and Molecular Biology, 121, 528–537.
Paul, B. D. (2004). Six spectroscopic methods for detection of oxidants in urine: Implication in differen-
tiation of normal and adulterated urine. Journal of Analytical Toxicology, 28, 599–608.
Perrault, K. A., Nizio, K. D., & Forbes, S. L. (2015a). A Comparison of one-dimensional and comprehensive
two-dimensional gas chromatography for decomposition odour profiling using inter-year replicate field
trials. Chromatographia, 78(15–16), 1057–1070.
Forensic Science: Current State and Perspective by a Group…
123
Perrault, K. A., Rai, T., Stuart, B. H., & Forbes, S. L. (2015b). Seasonal comparison of carrion volatiles in
decomposition soil using comprehensive two-dimensional gas chromatography—Time of flight mass
spectrometry. Analytical Methods, 7(2), 690–698.
Perrault, K. A., Stefanuto, P. H., Stuart, B. H., Rai, T., Focant, J. F., & Forbes, S. L. (2015c). Reducing
variation in decomposition odour profiling using comprehensive two-dimensional gas chromatography.
Journal of Separation Science, 38(1), 73–80.
Pesenti, A., Taudte, R., McCord, B., Doble, P., Roux, C., & Blanes, L. (2014). Coupling lPAD’s and lab on
a chip technologies for confirmatory analysis of trinitro aromatic explosives. Analytical Chemistry,
86(10), 4707–4714.
Phillips, C., Gelabert-Besada, M., Fernandez-Formoso, L., Garcia-Magarinos, M., Santos, C., Fondevila, M.,
et al. (2014). ‘‘New turns from old STaRs’’: Enhancing the capabilities of forensic short tandem repeat
analysis. Electrophoresis, 35(21–22), 3173–3187.
Prete, C., Galmiche, L., Quenum-Possy-Berry, F.-G., Allain, C., Thiburce, N., & Colard, T. (2013).
LumicyanoTM: A new fluorescent cyanoacrylate for a one-step luminescent latent fingermark devel-
opment. Forensic Science International, 233, 104–112.
Ramotowski, R. S. (2001). Composition of a latent print residue. In H. C. Lee & R. E. Gaensslen (Eds.),
Advances in fingerprint technology (2nd ed., pp. 63–104). Boca Raton, FL: CRC Press.
Raymond, J. J., Roux, C., Du Pasquier, E., Sutton, J., & Lennard, C. (2004). The effect of common
fingerprint detection techniques on the DNA typing of fingerprints deposited on different surfaces.
Journal of Forensic Identification, 54(1), 22–44.
Ribaux, O. (2014). Police scientifique, le renseignement par la trace. Lausanne: Presses polytechniques et
universitaires romandes.
Ribaux, O., Baylon, A., Lock, E., Dele´mont, O., Roux, C., Zingg, C., et al. (2010a). Intelligence-led crime
scene processing. Part II: Intelligence and crime scene examination. Forensic Science International,
199(1–3), 63–71.
Ribaux, O., Baylon, A., Roux, C., Dele´mont, O., Lock, E., Zingg, C., et al. (2010b). Intelligence-led crime
scene processing. Part I: Forensic intelligence. Forensic Science International, 195(1–3), 10–16.
Ribaux, O., Crispino, F., Dele´mont, O., & Roux, C. (2015). The progressive opening of forensic science
toward criminological concerns. Security Journal. doi:10.1057/sj.2015.29.
Robertson, J. (2012). Forensic science, an enabler or dis-enabler for criminal investigation? Australian
Journal of Forensic Sciences, 44(1), 83–91.
Roux, C., Crispino, F., & Ribaux, O. (2012). From forensics to forensic science. Current Issues in Criminal
Justice, 24(1), 7–24.
Roux, C., Julian, R., Kelty, S. F., & Ribaux, O. (2014). Forensic science effectiveness. In G. B. Field & D.
W. Goldsmith (Eds.), Encyclopedia of criminology and criminal justice (pp. 1795–1804). Berlin:
Springer.
Roux, C., Talbot-Wright, B., Robertson, J., Crispino, F., & Ribaux, O. (2015). The end of the (forensic
science) world as we know it? The example of trace evidence. Philosophical Transactions of the Royal
Society of London. Series B, Biological Sciences, 370(1674), 20140260.
Ruffella, A., & Wiltshire, P. (2004). Conjunctive use of quantitative and qualitative X-ray diffraction
analysis of soils and rocks for forensic analysis. Forensic Science International, 145, 13–23.
Sametband, M., Shweky, I., Banin, U., Mandler, D., & Almog, J. (2007). Application of nanoparticles for
the enhancement of latent fingerprints. Chemical Communications, 11, 1142–1144.
Sandercock, P. M., & Du Pasquier, E. (2004). Chemical fingerprinting of gasoline. 2. Comparison of
unevaporated and evaporated automotive gasoline samples. Forensic Science International, 140(1),
43–59.
Schoenly, K. G., Haskell, N. H., Mills, D. K., Bieme-ndi, C., Larsen, K., & Lee, Y. (2006). Recreating
death’s acre in the school yard: Using pig carcasses as model corpses. The American Biology Teacher,
68, 402–410.
Scruton, B., Robins, B. W., & Blott, B. H. (1975). The deposition of fingerprint films. Journal of Physics D
Applied Physics, 8, 714–723.
Sharma, S., Plistil, A., Barnett, H. E., Tolley, H. D., Farnsworth, P. B., Stearns, S. D., et al. (2015). Hand-
portable gradient capillary liquid chromatography pumping system. Analytical Chemistry, 87(20),
10457–10461.
Sijen, T. (2014). Molecular approaches for forensic cell type identification: On mRNA, miRNA, DNA
methylation and microbial markers. Forensic Science International: Genetics Supplement Series, 18,
21–32.
Sinkov, N. A., Johnston, B. M., Sandercock, P. M., & Harynuk, J. J. (2011). Automated optimization and
construction of chemometric models based on highly variable raw chromatographic data. Analytica
Chimica Acta, 697(1–2), 8–15.
M. Morelato et al.
123
Sinkov, N. A., Sandercock, P. M., & Harynuk, J. J. (2014). Chemometric classification of casework arson
samples based on gasoline content. Forensic Science International, 235, 24–31.
Spindler, X., Hofstetter, O., McDonagh, A. M., Roux, C., & Lennard, C. (2011). Enhancement of latent
fingermarks on non-porous surfaces using anti-L-amino acid antibodies conjugated to gold nanopar-
ticles. Chemical Communications, 47, 5602–5604.
Stadler, S., Stefanuto, P. H., Brokl, M., Forbes, S. L., & Focant, J. F. (2013). Characterization of volatile
organic compounds from human analogue decomposition using thermal desorption coupled to com-
prehensive two-dimensional gas chromatography-time-of-flight mass spectrometry. Analytical Chem-
istry, 85(2), 998–1005.
Stadler, S., Stefanuto, P. H., Byer, J. D., Brokl, M., Forbes, S., & Focant, J. F. (2012). Analysis of synthetic
canine training aids by comprehensive two-dimensional gas chromatography-time of flight mass
spectrometry. Journal of Chromatography A, 1255, 202–206.
Stefanuto, P. H., Perrault, K. A., Lloyd, R. M., Stuart, B., Rai, T., Forbes, S. L., et al. (2015a). Exploring
new dimensions in cadaveric decomposition odour analysis. Analytical Methods, 7(6), 2287–2294.
Stefanuto, P. H., Perrault, K., Stadler, S., Pesesse, R., Brokl, M., Forbes, S., et al. (2014). Reading cadaveric
decomposition chemistry with a new pair of glasses. Chempluschem, 79(6), 786–789.
Stefanuto, P. H., Perrault, K. A., Stadler, S., Pesesse, R., LeBlanc, H. N., Forbes, S. L., et al. (2015b).
GC9GC–TOFMS and supervised multivariate approaches to study human cadaveric decomposition
olfactive signatures. Analytical and Bioanalytical Chemistry, 407(16), 4767–4778.
Stoilovic, M., & Lennard, C. (2012). Fingermark detection and enhancement (6th ed.). Canberra, Australia:
National Centre for Forensic Studies.
Taudte, R. V., Beavis, A. B., Wilson-Wilde, L., Roux, C. P., Doble, P. A., & Blanes, L. (2013). A
portable explosive detector based on fluorescence quenching of pyrene deposited on coloured wax-
printed uPAD’s. Lab on a Chip, 13(21), 4164–4172.
Thevis, M. (2010). Mass spectrometry and the list of prohibited substances and methods of doping. In M.
D. Desiderio & M. M. N. Nibbering (Eds.), Mass spectrometry in sports drug testing (pp. 44–69). New
Jersey: Wiley.
Thevis, M., Geyer, H., Mareck, U., Sigmund, G., Henke, J., Henke, L., et al. (2007). Detection of
manipulation in doping control urine sample collection: a multidisciplinary approach to determine
identical urine samples. Analytical and Bioanalytical Chemistry, 388(7), 1539–1543.
Thevis, M., Geyer, H., Sigmund, G., & Schanzer, W. (2012). Sports drug testing: Analytical aspects of
selected cases of suspected, purported, and proven urine manipulation. Journal of Pharmaceutical and
Biomedical Analysis, 57, 26–32.
Thevis, M., Kohler, M., & Schanzer, W. (2008). New drugs and methods of doping and manipulation. Drug
Discovery Today, 13, 59–66.
Thomas, G. L. (1978). The physics of fingerprints and their detection. Journal of Physics E: Scientific
Instruments, 11, 722–731.
Tipple, C. A., Caldwell, P. T., Kile, B. M., Beussman, D. J., Rushing, B., Mitchell, N. J., et al. (2014).
Comprehensive characterization of commercially available canine training aids. Forensic Science
International, 242, 242–254.
Turner, D. A., & Goodpaster, J. V. (2009). The effects of microbial degradation on ignitable liquids.
Analytical and Bioanalytical Chemistry, 394(1), 363–371.
Turner, D. A., Pichtel, J., Rodenas, Y., McKillip, J., & Goodpaster, J. V. (2015). Microbial degradation of
gasoline in soil: Effect of season of sampling. Forensic Science International, 251, 69–76.
van Dam, A., Aalders, M. C. G., de Puit, M., Gorre´, S. M., Irmak, D., van Leeuwen, T. G., et al. (2014a).
Immunolabeling and the compatibility with a variety of fingermark development techniques. Science &
Justice, 54(5), 356–362.
van Dam, A., Aalders, M. C. G., van de Braak, K., Hardy, H. J., van Leeuwen, T. G., & Lambrechts, S. A. G.
(2013). Simultaneous labeling of multiple components in a single fingermark. Forensic Science
International, 232, 173–179.
van Dam, A., Schwarz, J. C. V., de Vos, J., Siebes, M., Sijen, T., van Leeuwen, T. G., et al. (2014b).
Oxidation monitoring by fluorescence spectroscopy reveals the age of fingermarks. Angewandte
Chemie International Edition, 53(24), 6272–6275.
Vandenabeele, P., Edwards, H. G. M., & Jehlicˇka, J. (2014). The role of mobile instrumentation in novel
applications of Raman spectroscopy: Archaeometry, geosciences, and forensics. Chemical Society
Reviews, 43, 2628–2649.
von Mu¨hlen, C., Zini, C. A., Caramao, E. B., & Marriott, P. J. (2006). Applications of comprehensive two-
dimensional gas chromatography to the characterization of petrochemical and related samples. Journal
of Chromatography A, 1105(1–2), 39–50.
Forensic Science: Current State and Perspective by a Group…
123
White, J. H., Lester, D., Gentile, M., & Rosenbleeth, J. (2011). The utilization of forensic science and
criminal profiling for capturing serial killers. Forensic Science International: Genetics Supplement
Series, 209(1–3), 160–165.
Wood, M., Maynard, P., Spindler, X., Lennard, C., & Roux, C. (2012). Visualization of latent fingermarks
using an aptamer-based reagent. Angewandte Chemie International Edition, 51, 12272–12274.
Woods, B., Lennard, C., Kirkbride, K. P., & Robertson, J. (2014). Soil examination for a forensic trace
evidence laboratory—Part 1: Spectroscopic techniques. Forensic Science International, 245, 187–194.
Yang, Y., Xie, B., & Yan, J. (2014). Application of next-generation sequencing technology in forensic
science. Genomics Proteomics Bioinformatics, 12(5), 190–197.
Yi, S. H., Jia, Y. S., Mei, K., Yang, R. Z., & Huang, D. X. (2015). Age-related DNA methylation changes for
forensic age-prediction. International Journal of Legal Medicine, 129(2), 237–244.
Zorzetti, B. M., Shaver, J. M., & Harynuk, J. J. (2011). Estimation of the age of a weathered mixture of
volatile organic compounds. Analytica Chimica Acta, 694(1–2), 31–37.
Zubakov, D., Boersma, A. W., Choi, Y., van Kuijk, P. F., Wiemer, E. A., & Kayser, M. (2010a). MicroRNA
markers for forensic body fluid identification obtained from microarray screening and quantitative RT-
PCR confirmation. International Journal of Legal Medicine, 124(3), 217–226.
Zubakov, D., Liu, F., van Zelm, M. C., Vermeulen, J., Oostra, B. A., van Duijn, C. M., et al. (2010b).
Estimating human age from T-cell DNA rearrangements. Current Biology, 20(22), R970–R971.
Marie Morelato is a chancellor’s postdoctoral fellow at the University of Technology Sydney (UTS). Her
research is related to the use of forensic case data in an intelligence perspective. The research is conducted in
collaboration with the Australian Federal Police (AFP) and the University of Lausanne (Switzerland). Marie
is from Switzerland and completed her Bachelor and Masters in Forensic Science at the University of
Lausanne, Switzerland in 2009. She completed her Ph.D. at UTS in 2015. In 2009 and 2010, she worked in
the forensic service group of the Wallis State Police in Switzerland. She then came to UTS for a year to
conduct a research on gunshot residues for the AFP.
Mark Barash is currently employed as a post-doctoral research fellow at the University of Technology
Sydney (UTS). He has been extensively using Massively Parallel Sequencing (MPS) technology for the last
6 years and continues to assess this novel relatively method for subsequent implementation into operational
casework. Mark’s primary research interest is in Investigative Genetics and specifically in the genetics of
craniofacial morphology and prediction of facial appearance. Other areas of interest include utilising MPS
for genotyping genomic markers of forensic relevance, including phenotype and ancestry-informative SNPs
and developmental validation of MPS—based forensic DNA assays. Following the completion of B.Sc. and
M.Sc. degrees at the Hebrew University of Jerusalem and prior to starting his Ph.D. at Bond University in
2010, Mark enjoyed a successful career as a forensic DNA reporting officer at the rank of Chief Inspector
(2002–2009). Mark worked on over a thousand of serious crime cases, including homicide, robbery and
sexual assault.
Lucas Blanes is a Biologist, obtaining his M.Sc. in Biochemistry and Ph.D. in Analytical Chemistry from
Sa˜o Paulo University (Sa˜o Paulo—Brazil). Dr. Blanes’ Ph.D. topic focused on the development of capillary
and microchip capillary electrophoresis instrumentation for the analysis of biomolecules. He also did part of
his Ph.D. at University of Texas at San Antonio (Texas—USA) developing Lab-on-a-Chip biosensors. Since
2008 he is a postdoctoral fellow at University of Technology Sydney (Sydney—Australia) with his research
team focused in the development of Lab-on-a-Chip devices and analytical instruments. He is author/co-
author in 23 articles, five book chapters, one patent, and participated in dozens of conferences around the
world. He has supervised four honours and two master students to completion.
Scott Chadwick completed his undergraduate degree B.Sc. Applied Chemistry Forensic Science (Hons) in
2009 and completed his Ph.D. at the University of Technology Sydney (UTS) in 2013. His research focused
on fingermark detection techniques in the near-infrared region, which involved developing new reagents for
developing fingermarks on difficult surfaces, where conventional techniques are unsuccessful. Since then
Scott has broadened his research into other areas of fingermark detection and enhancement. Since
completing his Ph.D., Scott began employment at UTS as a lecturer, where his primary responsibilities are
teaching first year chemistry and forensic science subjects.
Jessirie Dilag graduated from a Bachelor of Technology majoring in forensic and analytical chemistry in
2008 from Flinders University, SA, Australia. From the same institution, she was awarded a Bachelor of
M. Morelato et al.
123
Science Honours degree in 2009 and later her Ph.D. in 2014. Her postgraduate research focused on the
synthesis of luminescent nanoparticle-polymer based reagents for latent fingermark detection. Jessirie also
joined the National Centre of Excellence for Desalination of Australia as a research associate to devise
coatings for reverse-osmosis desalination membranes that employed ant-biofouling properties which were
later investigated for the coating medical catheters. She later joined NanoConnect as a Research Associate
contributing to a collaborative research program managed by Flinders University with support from the
Department of State Development that targeted industries where nanotechnology may be applied to improve
materials, coatings, processes. She then revisited research in nanoparticle reagents fingermark detection
appointed as a Research Associate at the University of Technology Sydney under Prof. Claude Roux—
contributing the development and validation of highly sensitive, luminescent nanoparticle-based immuno-
genic reagents for the detection of compounds naturally present in all latent fingermarks. Jessirie is now a
Research Fellow at the Royal Melbourne Institute of Technology University, under Prof. Stuart Bateman in
Aerospace Engineering and Aviation—where she is conducting research on various commercial projects in
conjunction with Boeing and other local and international manufacturing companies; with her main focus on
composite materials, additive manufacturing (3D printing) and biomimetic surface, interfaces and coatings.
Kuzhiumparambil completed his Ph.D. in Chemistry and Biomolecular Sciences from Macquarie
University in 2011. During Ph.D. he investigated chemical and biological properties of traditionally used
medicinal plants. Following this, he joined A/Prof. Shanlin Fu research group within the Centre for Forensic
Science at the University of Technology Sydney as a Post-Doctoral Research Fellow with specific interest
on the effect of oxidising chemicals on urine steroid profile and the detection of banned substances in sport
after urinary manipulation by these oxidants. Currently he is working on establishing a microorganism based
in vitro platform to study the metabolism of designer steroids.
Katie D. Nizio received her B.Sc. in 2009 with honours in chemistry, a minor in biology, and a diploma in
forensic science from Saint Mary’s University in Halifax, NS, Canada. After receiving her B.Sc., Katie
joined Prof. James Harynuk’s research group at the University of Alberta in Edmonton, AB, Canada to
pursue a Ph.D. in analytical chemistry. She developed and optimised a method for the speciation of trace
alkyl phosphates in petroleum samples using comprehensive two-dimensional gas chromatography
(GC9GC) and nitrogen–phosphorus detection. In August 2014, Katie relocated to Sydney, NSW, Australia
where she joined Prof. Shari Forbes’ research group within the Centre for Forensic Science at the University
of Technology Sydney as a Research Associate. Her current research focuses on the application of GC9GC
coupled to time-of-flight mass spectrometry (TOFMS) for the characterisation of ignitable liquid residues in
fire debris, decomposition odour, bacterial volatile organic compounds and biological tissues.
Xanthe Spindler completed her Bachelor of Science and Honours in forensic science at the University of
Newcastle, Australia in 2006. During her Ph.D. (2007–2010), Xanthe investigated the indanedione-zinc
reaction mechanism and new methods of detecting the amino acid fraction of latent fingermark deposits with
Prof. Chris Lennard at the University of Canberra, in collaboration with the Centre for Forensic Science at
UTS. Following this, she was appointed as a Chancellor’s Postdoctoral Research Fellow within the Centre
for Forensic Science at UTS, investigating the development of immunogenic and aptamer-based fingermark
detection reagents with Prof. Claude Roux. In 2016, Xanthe took on a lectureship at UTS, with her current
research focusing on new fingermark enhancement techniques and understanding the chemical and surface
interactions between enhancement techniques, the latent fingermark and the substrate.
Sebastien Moret graduated from the School of Criminal Justice of the University of Lausanne (Switzerland)
in 2008 after having completed a Bachelor and a Master degree in forensic science. His great interest for the
identification field led him to work for the School of Criminal Justice as a teaching assistant for the
fingerprints research team for 5 years. In 2013, he completed his Ph.D. on the development and use of
luminescent nanoparticles for the detection of latent fingermarks. He worked as a lecturer for the School of
Criminal Justice for an additional 6 months before moving to Australia where he completed a first
postdoctoral project funded by the Swiss National Science Foundation within the Centre for Forensic
Science (CFS) at the University of Technology Sydney (UTS). His research efforts are currently focusing on
the use of silicon oxide nanoparticles to detect fingermarks, as well as on a more fundamental understanding
of latent fingermark detection techniques and better practice in fingermark research.
Forensic Science: Current State and Perspective by a Group…
123
